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I. THE FORKS OF DOMESTIC AND FORZIGN FLOAT SYSTEMS

A survey of the types of seaplane developed here and
abroad within the last years, discloges the views of the
decigners ags regards suitable designs and dimensions of
float systems are still greatly at varionce.

Fijsure 1 shows that the leam at the step Dbgy versus
gross weight G for flying boats and against g/2 for
twin<float seaprlanec in logarithmic ccale. The load coef-

ficients ¢ = ——————, nare uged ag the parameterg and,
a Y b 3 .
st
according to Newton's general law of similitude, are con-
start for gimilarly loaded float syctems. Establiching
with e¢,' = 2.92 constant a lower, and with c,' = 0.364

constant an upper, limit on the cluster of points, -the
resyectlve linmiting bteams of float systems that have been
/n\1/3 (G 1/3
built are = 0,7 < and : ~>
1i re bgy 0.7 v and 1.4 ¥ , and for

equal load, are in the ratio of 1l:2,.

Fisure 2 chows, to the same scale, midship sections
and shecr plans for a selection of well=known types which,
by anprlying this law of similarity, have been reduced to
the comion gross weight of 1 ton for both hulls and float.
It illustrates how differently beam, length-beam ratio,
length of forebody, total length, or position of step and
cross scction were selected by the various designers, and
it ig not to be assumed that these designs are of equal
value. The differences in form are in part conditioned by
ditferent requirements of the float system. So if any
standardization of the form of the float system is to be
atterptod, the requirements nmust first bve defined.

II. REQUIREMENTS OF A TLOAT SYSTEW

a) The water resistance must be small and the angle
of attack of the planing bottom to be reached
by pvlling up nrnust at the instant of get-away,
be great enough to be able to bring the angle

of attack of the wing into thec range of o max’
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The greater the excess thrust and the lower the
get~away specd, the smaller the take—off time
and takc~off rune.

b) The spray formed shounld be small,

c) The impact forces ezcited during take-off and
landing should be small. They increase with
the scaway, for which rcason the strength spec-
ifications are groupcd according to stresses in
order to be able to modify the requircments re-
garding seaworthincss,

d) During take-off the airplane must have no tendency
to oscillate about the transverge axis which
nay become the cause of delay of take~off and
of porpoising at higher speed.

¢) Riding at anchor, the airplane should be weatherly,
so that bow will head into the wind; it further
should be stable about all norizontal axes in a
side wind, whose velocity 1s in proportion to
the required seaworthiness. In twin-float sea-
plancs the minimum stability occurs when down
by the stern, and thercfore is determined Dby
the form of the float. In flying boats and soca-
planes with a central float, it occurs under
tronsverse inclination, in which case the size
and distancc of the side floats are decisive.

£) While maneuvering the airplane must respond quick=—
ly to air and water rudders.

g) The ailr resistance mugt be small.

The effeet of the form parameters on points a) to ¢)
will Do digcussed nfter the tale-off process has been de-
seribed. Data for a qualitative opinion regarding point
d) ore altogether lacking at the present time. The char-
acteristics cited under points ¢) and f) are largely de-—
pendent on the airplane design as o whole and therefore
will not be discussed further in the present paper.
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ITI, TAKE-OFF WITH SPECIAL REFERENCE TO

THE EFFECT OF PHE AFTERBODY

Figure 3 shows a take-off diagram with the usual
curves of the forces and tfims. It may be divided into
four speed stages, in which the flow forms differ markedly
and consequently, the effect of the afterbody on the take-
off 1g markedly different. )

First gtage: At the beginning of the take-off there
is no difference hydrodynamically, between planing and
displacement craft, since flow is taking place over the
liniting edges of the planing bottom at the sides and on
the step end the sides themselves are wetted. The form of
the hull, in itself unfavorable, produces a relatively
high resistance, whose effect on the get-away, however,
remains small as this stage is quickly passed through, be=-
cause of the great exccss of thrust. At around % Vmax

(the speed of maximum resistance) the relative speed of
the water at the step is already so great that breok-away
takes placo. PBut the trough or wake formed aft of the
step i1s as yet short and the major part of the afterbody
is still in contact with the water. Considering the water
forces on the forebody and afterbody scparately (fig. 4),
the afterbody carries almost half the load. 3Because of
the ncgative angle of ‘the afterbody kecel, the resultant
normel force acting on the afterbody surfaces has a hori-
zontal component opposite to the resistance of the fore-
body and lowers the total resistance. The resultant of
the total water forces has moved forward dut 1little from
its position at rest, so that the trim of the float re-
mains snall, :

Second_stage: As the impact pressure increases, the
length of the furrow aft of the step increases and the
contact between the bottom of the afterbody and the water
travels correspondingly further aft. The process of got-
ting on step is characterized by a suddoen emersion of the
float occurring within a narrow speecd range and accompa-
nied by marked increase in trim.

The maximum resistancé of the float lies a little
higher -~ usually betweon 0,3 and 0.4 vy .- Only the af-

ter part of the afterbody is then in contact with the wa-
ter; the sides are completely free. The afterbody, with
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its share of the 1ift, tends to decrease the rcsistance,
even at the hump. The resultant water force has reached
its most forward position in the range of maximum resist-—
ance, with which moment ond trim also rcach their maximunm
valuceg, The trim 1g reduced norc or less by the nosehecavy
nonent of the afterbody in the proportion that the after-
body sharcs in the 1ift.

The effect of the aftcrbody in stages I and II is such
that the curve of the resistance of a forebody towed with-
out afterbody is the envelope of the curves of combinations
between fTorebody and afterbody. The more favorable the

suport by the afterbody, the lower the hump, which ig shift-

ed toward higher speeds on account of it (and not as a re-
sult of the later formation of the planing condition).

Third staget The furrow aft of the step has become
so long that the conflux in the plane of gymmetry of the
waves coming from the sides of the planing bottom and
bounding the furrow, lies behind the float so that the
roach formed there no longer strikes the afterbody. In
this stage of pure planing, the float at normal trim
touches the water only with a portion of the planing bot=-
tom lying forward of the step. 4s the impact pressure in-
creases, thc pressure area becomes shorter and then, since
the wings unload the airplanc more effectively, thec re-
sultant water force shifts backward and the trim of the
float decrcascs. Toward the ond of this stage the natural
trim of the float has continuously decrcascd to a very
small angle. By increased pulling up, the float 1s held
at a nedium trim, favorable in relation to the total ro-
sistance.

Fourth _stage: In the stage before the get-away, con-
tact of the afterbody with the water spray is unavoidable.
In a float with dead risec, the beam of the bottom becones
grecatcr than the natural teanm of the bottoem area under
pressure because of the small load remaining, as a result
of which a heavy spray escapes backward (fig. 5) over the
open outer edges of the bottom. To insure a short take-
off the airplane must be pulled up to get-away (ap,y =

angle of afterbody keel), which increases the effect of
the goray on the afterbody. The tangential contact of
this water with the afterbody increases the frictional re-
sistance so much that under certain circumstances the to-
tal registance equals the proveller thrust despite the
small load left on the water and get-away becomes impos-
sible,
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The control of the »rojected spray takes place in
the part of the bottom near the chines. Systcomatic tests
have shown that the water is kept flat when the section
is turaed to the horizontal, mccording to figure 1lb, with
not too small a rnadius of curvature. With a straight sce-
tinn (Fig. 1lla) the water riscs high in continuation of
the dirocction of the bottom, while with pronounced recur-
vature at the chine (fig. 1lle) it ic dirccted against the
surfacce vherce it is reflected at a high angle, Figure 12
shows the spray patterns of a model in which the left half
of the scctions were curved downward according to figure
liec, while those of the right half terminated in the horie
zontal (fige. 11b)s The differences in the form of the
spray arec readily seen. A reocurvature at the chine that
gocs beyond the horizontal, has a very unfavorable effect
on landins shock (reforecnce 4) and is therefore to be
avoided,

Loagitudinal steps of every kind have proved unsuit-
able in systematic tecsts of nlaning surfaces and models
with respeet to resistance; neither do they offer any ade
vontages relative o impact forces.

Dewth and Location of Stcep: Angle of Afterdbody

The location of a straight afterbody relative to the
furrow Formed aft of the step is determined by the depth
of step and the angle between forebody and afterbody.

It hes been cstablished that contact of the stern
with the solid water behind the furrow at maximum resist-
ancc has a favorable effect, whilec contact of the stern
with the spray in the stage before get-away has an adverse
offect. '

At moxinunm resistance, thereforc, small depth of step
and snall angle betwecen forebody and afterbody are advan=
tagcous, while just before got-nway great depth of step
and large angle of afterbody keel (forchody alonet: opti-
mun) are advantagocous as seen in figure 13, which presents
the results of model tcsts with diffcerent depths of sted
and angles of afterbody. The rosults from the forebody
are appondecd nos liniting valuccg,
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o ' ﬁgéth of step Angie of afterbody keel
Model 0,5 VE a o | 7O
" 0,3 VHE b 0.017 b, 70
" O.SVVH c 0.05 b, ' 70
" 0.3 VE 4 0,10 by 7°
" 0.5 VE e 0,05 by 945°
0.3 7

The cxpocted deereanse in resistance from the floeot
with pgreoter depth of stop (1init value: forchody alonc)
to the float with zero depth of stop appears in the stage .
before the maximum,.

_ At maximum resistance the conditiong on the stepped
float are as yet the same, But for step depth 0, it ap-
pears that the alr space in course of formation behind
the break is filled up afain from the roar, so that the
ctting-or=step is greatly retarded and the maximum re-
sietance, as n result, increcascg further. ZEven if by fur-
ther increasc of speed, the planing condition has been
recached the resistances are from two to three times as
high as for the stevped floats.

In the stage before get-~away the float with the groat-
est denth of step {or the forebody alone) shovsg the low-
cst resistance, whilc the float with zcro depth of step
is altogether unusadble.

A depth of step of from 0,04 to 0.05 byy has proved
satisfactory. On high-spced airplancs, it is reduced to
0.025 bgt in order to reduce the air resistance.

The maximum resistancce becomes greater with large an-
gles of afterbody keecl, while the spray effect falls short-
ly before get—away and through it, the rise of resistance
occeurring there, is rcduced,

Becaugce of the dependence of- the form of wake on dead
rise, load, and specd, no gencrally valid statement can be
made regnrding the optimum angle between afterbody and
forcbodys 70 hne proved to be o good average value.
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Noturally, the argunents refer to the ratio:

forcbody length 1,

defining the location of the step.

over-all length 1y’
With decreasing 1,/ly, the favorable offect of the after-

body inecrecses in stages I and II, while in stage 1V, o
large 1./1p 1is desired, in order to redu¢c the area of

the afterbody hit by the spray. 1,/lp = 0.55 1is a good

value for flonts. Tor flyine boats having aft of tie scc-
ond step o tail cxtension with larger angle of kecl, thc
length of the afterbody (reasured to the second step) ma

1
be shortened to about =% = 0,65 to favor the forecbody,

32
if stage IV nceds a reduction in resistance, inasmuch as
the tall extension insures amnle stability by the stern.
Vy/Vf 1is the only parameter which, under cortain condi-

tions, couses a differentiation botween float and {lying-
boat hull,

V. THE DVL STANDARD FLOAT

The DVL gtandard float - a float design evolved on
the foregoing crgumcnts ~ is largely patterncd after proved
design forms based uron ten years! expericnce, not only in
problems of registance bui also in probvlems of strength,
as well nsg moition characterigstics. Needlessly complicating
detnils, which now &nd again apprear in 2 single develod=-
ment not - or only partially - utilizing the possibilitics
of the regearch, hawve beon left out.

The nced fer being abdle to vary the lengith-dbeam ratio
LL/bst and the included angle of dead rise ¢, to suit o

particuler purpvoese, leads to fomilies of related floats,
for which the investigation must be made on such a wide
range of selected loads, trims, and speeds that for every
suitable position determined in conjunction with an alr-
foll, the test valucs can be obtained by interpolation
within the curve sycstem, providing that no stages already
defined by limiting curves are reached in which the float
becomes unsuitadble with respect to resistance or spray
formation. The best coordination of the float system to
the airfoil of the projecect follows or the basis of the
measurencnts. This method was suggested by Seewald (ref-
‘erecnce 5) uscd in the ¥.A.C.A. tank (reference<6), and
further developed by the DVL. '
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The design of the six models investigated so far:

/vy 6.04 |7.50/9.19
Family A: ¢ = 140° | Model la| 8 7
o B: t = 130° moo17{ 18 | 19
is shown in figure 14. The beam of the model is by =

0O¢e3 m, The models of a family are developed from the
basic form (smallest 1p/b,y), by starting at the step

and increasing the spacing of the sections of the fore-
body and afterbody along the keecl tangent in the ratio to
the model lengths. Depth of step and angle between fore-
body and aftcrbody remain constant for all models. The
relmnt ed models of the two familiecs are congruent in cen-
ter-line scection and plan. The verticel depths of sce-
tion (mcasured from basec of secction) are to one another as

the doad rises tan BT

The models have vertical sides and straight deck.
No attcmpt was made to give the upper part of the float
a special form, since discrepancics in the form of the
sides can influence the test data only at the beginning
of the tnko-off and cven then, only to a negligible ex~
tent. The form of the upper part is left to the con-
structor.

VvI. METHOD OF TOWING

The ranges in which no float system is to be investi-
gated arc set off:

1) The speed range is given by the Froudc number
F = 10, corresponding to an assumed high takec-off spced;

2) The load range: The load limit depends upon the

length-beam ratio. It lics at around c,' = 3 for slcn-

der floats. The program of investigation contemplates an
increase of the test points ot high loads in the zone of
maximum resistance; in contrast, the small loads are in-
vestigated only in the uvper specd ronge. As the investi-
gation proceeds, it can be secn in what dircction the
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scheme must be enlarged, so that all important conditions
are included.

2) The range of angle of attack: The minimum re-
sistance of a planing surfoce falls between 4° and 6°.
The float system has the tendoncy %to assume high angles of

attack (uﬂ to o = 10°) at maximum resistance, and with in-
crcasing speed to drop to small anglcs as the result of

the bacitwerd shifting of the resultent water force. To
insure o short take-off, it 1s pulled up before get-away

to o hishest possivle angle, From thkis it follows that

in the region of maximum resistance the angles of from 5°
to 11° ~nd = in the succceding stnge un to get-awey -~ the
angles of from 3° to 99 must be investigated; stops of 2¢
each are, in general, sufficient.

Pregentation of the Resultls
Form of flog.~ Ag an exo mple the test points for

DVL model 7 at a = 7° constant are given in figure 15 in
the form

cp ' = f(P)

The points arc so well identified in the accompanying leg-
end that the characterization of the developnent of the
flow over the model can be obtained fron themn,

Rosigtaonce and noment.- The results are glven in fig-
ure 16 in nondimensional form:

- ¥ A -
e = K and th =

against bR S—

with the parareter

-

whercby the noment M ;, roferred to the keel at the step
c~n be computed from the moments obtained in the test.
Thig wrecentation offords, on the basis of Froudet!s law of
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model sinilitude, n possibility of comparigson with the re-
sults from othcr modelst If one inngines that the mnodels

to be commared are all enlarged to o unit bean, the specd

v for cqual Froude number F ig the sane, and for cquel

lond cocefficicnt ca', the 1ift A 1is likewise the sanec,
so that the glide numbers € and the moment coefficicents

Cnp oFrc directly conmparable.

Plotting € = f(a) serarately with F as the paramec-
ter for c¢,' as the curve constant, figure 17 glves with

ca' as the parameter a curve of a,,4, Tor which the core

responding € is a minimum,

Center of buoyency and water line gt rest.- The ini-
tial attitude of the float system for any loads and any
position of the center of gravity, 1s determinecd from
figure 18 where, in nondimensional form, the horizontal
distance Lst of the center of buoyancy @D from %the

step and thoe vertical distance of the water line above the
kecel at the step bty 1is given as a function of o with

c,?' os the parametoer.

Intervolation of the Results

The scope of possible application of the experimen=—
tal data 1s ‘increased if frecdom exists in the choice of
length-=becam ratio and angle of dead rigse within the range
of the foamilies of floats investigated; i.e., if by in-
terpolation of the test data the mecasurements are equally
applicable to designs with intermcdiate values of 1p/by

and f. Figuresg 19 and 20 show for all six models at a =
o o _ _ :

9% € and cpy = f(F) and at Gopt € nin = f(F) a series

of loads correspvonding to a normal float system, which is

given by c. ' =c. ' (1L = 0,0L F?) gpt ¢, ' = 1.70, thus
a {_'LO ao

including all the models.

The curves of the floats of one family as well as the
correlated floats of both families manifest such a similar
course while the differences are so small that the appli-
cation of the results to intermediate values by linear in-
terpolation is Jjustified.
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VII. APPLICATION OF THE RESULTS

Choice of Dimensions

With the size of the float approximately determined
from design reguirements, the beam also ig determined.
A change in dimensions with regard to take-off resistance
is usually possible only within narrow limits. A contiol
is set up according to the diagran (fiz. 21).

At three critical gsveeds: for instance, at maximun
resistance, at 0.6 Votart: anf 0.85 Vetart' € ig plotted

from the optimum sheet as f(ca‘) (at maximun resistance
the envelope curve 1g taken from the maxlima of different
load stages and used with a medium Froude number). The
hydrodynanic load AT and the air drag W must be deter=-
nined opvroximately for the particular speed stages. It
is then nossibdle from the € valucs of the above figure
to give o rough coursc of the water resistance and also of
the total resistance, as in figure 22, for any beanm that
nay be of interest, from which a suitable beam can finally
be definitely determined. The length is checlked by repe-
tition for different valucs of IL/bStr

Coordination of Wings and Float

The nroblem is so to choose the angle of setting 0,
between wing chord and planiang bottom that the takce-off
oceurs ot minirmum resistance. The best setting at the
three snecd staoges named is determined according to fig-
ure 23, For v = constant (0.85 v y,n.¢s for cxanmplo),

we plot ocgoainst the angle of attack of the wing «.
The oerodynamic 1ift A ond the hydrodynamic lift AT,

in vhich AT = ¢ < A:

Then ¢, = —==—==, Thc corrcgponding €pnijn and

agpt for this cw'+ curve arc obtained from the optinun

sheet. From this the water rosistance W' = €min At s
deternincd.

Taen the alir resistance W i1g determined, we have
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the total resistance of Wto*wl =W + W. If the mininum

of this lies, say, ot o, Tor waich agnt = aty, then
N J

Gl—'-‘(xl'-‘CLa.

The degree of frecdom to diverge from O, ¢ for do-=
, _ op
sign reosons, depends upon whether the total-resistance
curve is flat or reveals a distinct minimum. The best
setting in the upper speed range is usually quite constant,
but diverges from it more or less at maximum, so that 0,
muct be averaged.

Position of Center of Gravity
Equilibrium of Moments

For the temporary center-of-gravity position assumed
in the design, we establish, according to figure 24, for
a sufficient number of speed stages the equilibrium of the
moments between hydrodynamic and aerodynamic total moment
(with the most exact possible congideration of the slip-
stream effect and ground effect) for take-off with neu-
trel clovator and for naximum positive and necgative eloc-
vator deflection,

In the speed range betwecen maximum resistance and
about O'8Sthmrt the ailrpl-ne shouvld have the lowest nos-
sible total resistance without clcvator operation; isce,
should tonke off with noutral elevator. At maximum rosigst-
ance itself, "pushing down" is usunlly necescary, and in
the upper speed range, of course, on increaging pull-un.
If the ccoleulation does not give this desired behavior

for the pogition of the centeor of gravity initially as-
sumed, the center of gravity must be shifted relative to
the step and the calculation repeated.

On the basis of the curves of the temporary total re-
sistance for take-off with neutral elevator and with max-
imum Dositive and negative eclevator deflection, a take-off
specification can now be set up covering the movement of
the elevator for insuring the best take-coff.’
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VIII. COMPARISON OF THE DVL STANDARD FLOAT™

VITHE THE W.A.C.A. MODEL NO. 35

From the many foreign float designs on which model
test dats are available, the N.A.C.A. model Mo, 35 (ref-
ocrence 7) stands out for its good resistance characteris-
ties. Tigurc 25 gives the rosult of a comparative test;
€ = f(F) ig plotted with o as the parameter. Both mod-

els have the samc length, beam, and dead rise, and were
towed with the same load schedule simulating unloading by
wings.

The comparison shows that, at mazimum resistance, the
best resistance of the N.A.C.A. float ot a = 7° is 3 per-
cent less, dbut that at the higher angles at which o float
at maxinun recsistance actually runs, it is considerably

worsej thot ig, by 13 porcent at o = 9¢, &and 15 percent
at a = 11°. In purec vplening coadition the N.A.C.A. nodel

is congideradbly inferior at all angles, whiceh can only be
ascribed to the unfavorable form given to the presgure area
by the wointed step. The recsistance curves do not cross
until spceds shortly before get-away, where the small,

high aftcrbody surface of the N.AJC.A. nodel can influ-
ence the resistance favorably because of less wetting.
While the standard float yet allowsa 7° sctting and only
runs on the afterbody at 99, the N.A.C.A. float already
runs on the afterbody at 7° - o condition which at get-nway
can only be rcalized by having large control surfoce mo=
ments aveilabdle. The get-avay speed of the N.A.C.A,

float must therefore be set higher than the ctandard float.
The N.,A.C.A. float also shows 2 considerably more unfavor-
able svray vattern on account of the absencoe of recurva-
ture at the chine,

IX. FINAL REMARKS

The purpose of the development of a good type of

float has beoer nttained, as the above and othcr corpari-
song show. The making c¢f thec large number of tests thnt
werc nccessary to make the float generally applicable was
therefore worth-while. EHowever, it ig 2ot assertocd that
the float will also ghow the best characteristics in all
dimensions and conditions of load. (Cf. requirenents under
d), p. 4.) Teosts with aynamically similar models capabdble

* . . ] . .
FProm the family C with ¢ = 150° in coursc of investigo-
tion.
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of flying are in progress so as to ascertain these charac-
teristics also for the total range of the standard float,
since English experiments (rcference 8) have proved the
feasibility of such tests and their extemsion to full sizc.

As an example of the application of the standard
float, figure 26 shows the Ha 139, a four-enginec twin-
float scaplane built by the Hamburg Airplanc Corporation
for the Luft Hansa, which is notod for its very short
take-off time and pleasing take-off and landing character-
igtics.

Translation by J. A. Vanier,
National Advisory Committee
for Acronoutics.
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Figure 1.~ Beam at step of various airplanes against gross weight.

‘Forebady olone Propeller
i thirust S
/ ‘Urople fo  get-off
Lack af SU) parf \bacouvse of Wwerimg afferbod)z
frnm aﬁr o/y
rotal !
/ / _resistance Wy, ‘
T 1 / ; l \Woter resistoment| |
<, 1 i
N
' ~l ~-Trim at ;
/ ‘4\ Air drag w I
i ‘ ! Ty v .
e [ e e [ —whe ¥4 o+ —F— Getaway Flight

Figurs 4.

Figure 3.- Take-off diagram.

- Flow paths and forces at stage I.
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Figure 5.-
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Figures 6,7.- Comparison of spray of model 0.2 VH (bgy O.2m)
and 0.4 VH (b, 0.4m) at the same load 18 kg;
speed 6 m/s, trim 6 deg.

Figure 12.-~ Deflection of spray;
left half: form of section according to figure llc,
right " # ft " " " " 1 l‘b N

Figure 26.- Ha 139 built by the Hamburg airplane Co.
for the Lufthansa,
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Figs. 16,17
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Figs. 18,19
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Figure 24.- Equilibrium of moments.
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